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ABSTRACT 
A necessary condition for a real n X n matrix A to be an M-matrix is presented. 
For matrices of odd order this condition is essentially better than the one given in [ 11. 
Let d be the class of nonsingular real n x n matrices A = (ai j) such 
that 
a,, > 0 (i=l,...,n) 
and 
aij<O (i,j=l,..., 12; izj). 
Before stating our result, we recall a definition. 
DEFINITION [3, p. 851. A real n x n matrix A = (aij) with aij < 0 for all 
i + j is an M-matrix if A is nonsingular and if A-’ > 0 (0 denotes the null 
matrix). 
THEOREM. A necessary condition for A E d to be an M-matrix is that 
i 
n-l 
- 
c 
aijaji 
-< 2 
for n=3,5,7 ,..., 
l<i<jgn aiiajj 
n (1) 
z 
for n=2,4,6 ,.... 
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Proof. Let A E x! be an M-matrix, and consider the nonnegative matrix 
B=Z-DA, where D=diag(d,,..., d,) with d, = l/a,, and Z is the iden- 
tity matrix. Then, by Theorem 3.10 of Varga [3, p. 841, the Perron root r(B) 
of B = ( bi j) is less than one. On the other hand, applying to B a lower bound 
for r(B) given in [2], we get 
for n=3,5,7 ,..., 
for n=2,4,6 ,..., 
from which (1) immediately follows. 
for n=3,5,7 ,..., 
for n=2,4,6 ,..., 
COROLLARY. A necessary condition for A E L& to be an M-matrix is 
that, for at least one pair i, j (i z j) of indices, 
naijaji for n=3,5,7 ,..., 
aiia jj > 
(n-l)aijaji for n=2,4,6 ,.... 
(2) 
Proof. Suppose the contrary. Then we can write (2) in the equivalent 
form 
for n =3,5,7 ,..., 
- for n=2,4,6 ,.... 
(3) 
M-MATRICES 
Summing (3) over i, j (16 i < j < n), we get 
i 
n-l 
- 
c 
aija ii 
-> 
2 
for n=3,5,7 ,..., 
lCi<j<n aiiajj 
n 
2 
for n = 2,4,6 ,..., 
which contradicts (1). n 
REMARK. In [l] Kondraschenko, by reasoning different than ours, showed 
that a necessary condition for A E J@’ to be an M-matrix is that 
c aijaji n 
-7 l<i< j<n ‘ii’jj 
It can be easily seen that for A of odd order our condition is essentially better 
than (4). 
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